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Operation of the High Brightness LINAC for the Advanced
Free-Electron Laser Initiative at bs Alamos*

JR. L Sheffield, R. H. Austin, K. D C. Chan, S. M. Gierrnan, J. M. Kinross-Wr~ght, S. H. Kong,

D. C. Nguyen, S. J. Russell, and C. A. ‘Iimmer

Los Alamos National I~boratory

ks Ajamos, NM 87545

Abstract

Free-electron lasers and high energy physics accelerator

have incrlxwxl the demand for very high-brightness&m sources.

This p er describes [he des~gn of an accelerator which has

x– produc eamsof Iessthan 2.1 rr mm-mrad at 1 nCand cmittanccs

of 3.7 and 6.5 x mm-mrad for 2 and 3 nC, respectively. The

accelerator ha.sbeenoperaled between 10and 18 MeV. Thebeam

emittance growth in the accelerator is minimized by using a

photoirrjcctor electron source integrated into the design of Ihc

Iinac, a focusing solenoid locorrcct the emittance growth caused

by space charge, and a special design of the coupling slots

between accelerator cavities to I. inimize quadruple effects,

Introduction

A ncw accelcratnrdesign that prmhsccsavcry bright electron

beam in a compact form hiss been eonstruc~ccf through the

Advanced Free-Electron kcr Initiative (A fW1.1) [11 isI lMS

Alarm)s Nationill I-aboratory. Statc+f-the-all componcrsts were

incorporatccf so that the FUsystcm wili hc ~A]mpact, robust, and

user friendly.

The dcsigrr goals for the accclcmtor are greater 2 nC charge

per rnicrcpulse and an effective cmittance (of Icss than 5 n mm-

mrmf. Simple dcsi~n is aec(~rnplishcd by using u single radio-

frequcncy feed 10 drive the entire accclcrak)r structure. Tht

accclcrah)r (Fig. 1) k.. ign has the following features: maximum

20-McV output energy,’ maximum avcrrrgc cell gradients of 22

MeV/m, upt(l Iofhl Irrcpctiti(m rate, upto30-~~s lon~milcro~)(llscs,”

H- 10 Xhps hmg rnicnlpulscs, ilnd liquid- nitr~)gcn ()[XTiltll}n

capallilitv. ‘1’hc ;l~~~lc~l(~r(~~lcliltcs with it 13( M)-MIIz, 17- MW -

pc:lk.p~wcr klystrtm [1]

Sin~ultlthns

‘Illc f’{)llt)wlng dcfinlli(~n is Ilwd f~~r Ihc ritvm;ili~cd rrl~s

rmlltnnur f’(~r the :limul,~tl{ms,

*>2 1/21’,, :, (\yr’x ~;l[ly[<x~.><-x’~>.<x!( . ] ,

whrrc y ii (11(”lrl;lllviflic IJ(I{II, II i%lhc I);lrti[’lc vchx. ily, tlivitlcd

by Itw ‘.pcr[l (If 11}!1)1,x Ii Ihr Ilntlsvctw hcilrrl slfc, x’ is I!\c

llnr\\vor\c lJu~lrr\(~lvct~crlcc, iir}tllxlstllct lllrlt~rtll:lll /c(lt$rlllll:lrl(`c

‘1’hr elnill:lntc is L:Il(ulfitrxl It] IWIJ w:Iy+, “IIIc “11111”crniltarlc’c ri

(.al((ll:ilr(l I)y ~l~lrt}: lhc cnllrc Illi(.r(q)lllsc in 11)11::Ird 5[111L’c,

●\V(}lk\lllllh )rl(’(!l!v I ~~\/11.lrl\,~\N:\tl(}tl:~l 1.;lln}lul(~rv lu~tililli(}ll~il

%lpl~}rtltlp I{cwortll, Illl,lcr Ihr illly)i(x’s {)1 Ihr 1Irlitr(l SIJlc\

Ikl):lltltwtll (d l:ll,:r~i
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Figure 1. AFE1. Iinac schematic. T?IC focusing solenoid pmvidcs

compensation ofspzc<harged induccdcmit[ance growlh.The Bucking

!Wcnoid is adjusied m give zero field al the surface of [he cath(xlc, The

LINAC istinelcwn-all pl-mmle stmclurc, The l. INACcan hcoperulcd

down 1077K. The sopprt structures iJllow (ml y rotati(m of the accclcrau)t

on C(M)Idown, rrnl l:andall(m.

The “slice” emittancc is calculated by dividing a micr(~pulsc into

slices in tirrw equal to a slippage length. T(J ensure cmwgh

particles ilre In a slice to give reas(mihlc statisti~;s, the smalicst

timcsl{cc is Iimitedto I%ofthct[jtal pulse lcn~th( 40fM)particlcs

were used In the sinwlali(ms), Wc calculate the slice cmitlanuc

hccause the clecxr{~n!. ::re not matched tt~ the wiggler (wcr the

entire puisc, twlorsly t(wlhe rniddlc [xwti~)hl (in Iimc){)f the pulse,

i}ccause tcrnlxml mixlrlg(’;~ll {wcllrd(~wllslrc, r]l(~fltlc :wcclcrat(lro

the usc (If’ slice cmittancc is (rely vulid ;~! ih~ lt~~ltit~n 01 thr

wif@cl.



The standing-wave, 1NW MHz, x-mode accelcratnr is

designed with cm-axis coupling slots [2]. By inm-poriitirrg

MAFIA flcld maps of the coupling slots into PARh!EIA, wc

found that crmpling ceils with only two-coupling-slots pr(xfuced

a quadruple lens in every accc!clator cell. Therefore, it was

ncccssar-y to change !he coupling slot gm~mclries to climinalc

asymmetric focusing in the accelerator.

Tle effect of coupling slots is significant for very high-

brightncss beams. A single slot produces a dipole Icrw, two sl(JI\

produce a quadrupolc lens, four slots produces an octupolc Icns,

and soon. F~ch accr!lcrator cell (cxccpl thcccllsat the accelerator

ends) h~s coupling slots on each half of in accclcm!or CCII. The

relative oricntati~m of the slots (~n either cnd nf the CCII will

dctcrmirw the relative angle ofthc corrcslxjndirrg Icn\. “Ilc two-

c(lupling-sl{~l ci~nfigtlri~ti{~n givcsa quwfrup)lc Icnsat [hc crrtrancc

and exit of the accclcrati~r CCII. ‘1’hc oricnttiti(~rr of the slots will

dctcrminc whether the quadrupolc Icns add (>r subtract f’~wusing

for each CCII. Thus, the c(wpling ccllsc:in hc c(~nfigurcd such th:u

the fields at each CCII cnd cancel, giving a net effect C1OSCIt) zcm

for a relativistic bclm,

T3rc c~mpling-sl[lt dcsi~n ft~r the Al:l{l. i]ccclcrat(~r uscs ii

f(~ur-c(]tl~)ling-slflt iirrangcmcnt f(]r the first tw[~ cells. llc~iitlsc

the f(wr-sl(~t arrangcrncrrt has n[~quadrupolc c(jmp~ncnt, then ttw

first twt) CCIIS produce ml heiim iis~tllnlctr~, ‘1’hc ftwr-cxmpllng-

SIOI arrangcrncnt ciinn(}t be carried tllr~~ugh(ml the ;u~:clcrattw, At

high currcntsotfiix~lc mode will build up which is cas Ily ctmplcd

thnmgh M f(~~lrc(~llpling.slt~t CCII and causes twain twcilhup ttlr

mtjlc thau two CCIIA. Af’tcr the !warn exits the first IW\I C’CIIS,tlw

hcam isrclativisfic, arid [hc rcnl; iiningcclls have ii Iwt}-c[wpling.

slot nrrangcmcnt thilt givu i] very snl~ill net qua(lruvdc Itwusirlg

111’(1?)1ih’/Vrlilt”tl( 1(’!

the full pulscissignificnntly larger. The Iargerfull -pulse cmittancc

is caused from the v:iriatiorr in divergence thrtwghout the

micropulsc.

TIIe Al: E1. is designed to rninimizecom~menlsarld distances

and to increase reliability and case of usc Hmvever, the stability

ofisccclerato ropcratitln does ctependstrongl} rma few parameters

The pammctcrs that must be tightly c(mtrnlled are the radius of the

cath(xtc; the magnitude of the solcm~id field around the c~thmte

rcgi(~n; the accelcrat{~r phase; and the magrrltudc of theii~celeriil[~r

fields.

operation of the Accelerator

The clrctron si)urcc is a C’sK2Sh ph(~tt~cath,dc. The

accclcrato rprcssurc is maintain rd iit Hxl(l loT{~rr. Thctxamlirw

cfircctl y downstream of the accelcrtit(~r is at 2X 1()-S. t3ccausc of

c(~ntamirvitcs pr(ducd during operation of the rf, the useful

{~pcratlonal lifetime t)f a single c;ith(dc. for a rninimurn I nC, is

limited 10, at m(~st, 2 days. The accclerat(v has six cath(xlcs

tivailahle in a cartridge type system. Thus, the cathtdc cartridge

systcrn was wfrcshcd every tw~~weeks, T) pical tirnc tt) rcplacc ;I

cartridge Piick was 15 rninutcs. Af’tcr rcplacemcilt, a 4 to 5 h(wr

hake degassed the c(>rnprmcnts cxfx)sed to air [typically d(~i)c

during Ihc night).

The drive Iascr Wiis Nd:Yl,lJ. ‘l’he (v.cillat~lr prtduccs 50 ps

rnicr(~pulscs ill I OH Ml I/, ‘1’he pulses iirc then c(~nlprcsscd with it

~(iitin~pair ilnd ;1lihcr-~lptic Ilnc t(~~ ps, ,\ftel corllprcssi~~rl, tw{~

ll(~utllc-p:lss YI ,}: iltllplif’icrs :Irc used to Incrcasc the nli{r~qlulw

energy t J ‘!,,I rlllcr, )j{)tllcs, A p{~k~l~ (“c II is USC(I to ot~lillrl
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Figure 2. Experimental and simulation data for 1 n(- cml:~ncc

mcasurcmr?nl. The simulation diitri has slalislicul uncertainly rfur m the

finite numhcr of particles and the distribution of simulation fminv inlo

hlns.Tlc solid curve is a fil to a quadmpole scan function thal gi} m trw

beam cmittarrce and other beam chirrirctcrkdics.

the small am[~unt of chisrgc, the wings are too tenuous U) Iw

okrservcd in th~ cxpcrimenta! data,

The only means to chariictcrizc the perftwmtincc of the

accelerat(w is 10 also simulate the quadrup)lc scan with

PAR MIII,A, amtthcncornpnrc thccxpcrimcntal ohscIYahle - the

beam’s FWIIM size. Fip,urc 3 c(~n~pi\rCs the full rnls crni~lance

with the slice cmittiincc and the cmittancc as calculated try using

the [JWllM.The cmittancc iis ~i~l~~iliitc[l fr{~rn the I~Wllhl IS very

chmc t{) the slice cmittiirrcc (the cmitt;incc used by the 1:111 ).
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Figure 4. (’omptiriwm of experimental arrdslmulatron rc<ultsf(,r wveml

charges.

‘I’hclWll M sinlulistmrre sultsforthcl n~cascisgivcnin

f:ig. 2. The agreement IWwccn the cxpcrimcnt and simulation is

g(x)d, irrdicatingthat the accclcmlor is pcrf(mning~s designed for

I n(”,

Thccmittarrccsfor 1,2, ard 3 n(~arc in Fip.4. Asstatcd

carlicr, thcagrccrncnt isgwdf’or I n(~. f[owc~cr, asthcchargc

is incruascd thccxpcrirncntal cmittitncc isliirgcr lhtincxpcctcd.

Wch[i\’c ilt~tcxplt>rcd thcrc;ist~ll f~~rthcincrcasc.

Summary

AI I n(’, the cmittorrcc of ‘2.1 n mrn-mr-d is irr gt~(d

iigrcctncnt with l) AR Ml\l.As in)ulilt il)n, 'l"hcl~lca\t) rrdcrllittilnccs

for2illl(lt 11(’tlrC 3.7i11}ll (}.SXrtllll-lllr{ltl, lC~mclr\,Cly.


